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(54) PVD-Coated cutting tool insert 

(57) The present invention relates to a coated ce- 
mented carbide insert (cutting tool), particularly useful 
for milling at high cutting speeds in alloyed steels, tool 
steels and milling in hardened steels. The inserts are 



characterised by a WC-Co cemented carbide containing 
NbC and TaC and a W-alloyed binder phase and a coat- 
ing including an inner layer of Ti x Al y N, 0.8<x+y<1 .2, with 
0.25<x/y<1 .45, with columnar grains. 
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Description 

[0001] The present invention relates to a coated cemented carbide insert (cutting tool), particularly useful for milling 
at high cutting speeds in alloyed steels, tool steels and milling in hardened steels. 

5 [0002] During machining of steels, stainless steels and cast irons with coated cemented carbide tools, the cutting 
edges are worn according to different wear mechanisms, such as chemical wear, abrasive wear and adhesive wear. 
At high cutting speeds, the amount of heat generated in the cutting zone is considerable and a plastic deformation of 
the cutting edge may occur, which in turn yields an enhanced wear by other mechanisms. When milling alloyed steels 
adhesive wear is often pronounced and edge chipping occurs frequently as a consequence of delamination or cracking 

10 of the protective coating. 

[0003] The cutting performance with respect to specific wear types can be improved by single actions, however, very 
often this will have a negative effect on other wear properties. Consequently, successful tool composite materials must 
be designed as careful optimizations of numerous properties. In the case of milling of alloyed steels and tool steels, 
often in a hardened state, one important balance is that between the plastic deformation resistance of the cutting edge 

is and the edge chipping resistance. A simple measure to increase the resistance to plastic deformation and also the 
abrasive wear resistance is to lower the binder phase content. However, this will also diminish the toughness of the 
cutting insert, which can substantially lower the tool life in applications where vibrations or the presence of casting or 
forging skin put demands on such properties. An alternative way to increase the deformation resistance is to add cubic 
carbides like TiC, TaC and/or NbC. However, this addition has a negative influence on edge chipping tendencies and 

20 so called comb crack formation. The constitution of the applied wear resistant surface coating is a key factor in the 
properties of the tool. Thicker and more wear resistant coatings are often applied by the chemical vapor deposition 
(CVD) method. These coatings often also improves the plastic deformation resistance but can to larger extent impair 
edge toughness. Coatings produced by physical vapor deposition (PVD), which are often thinner, do not provide as 
good protection against heat and plastic deformation but give very good edge integrity and consequently shows good 

25 protection against edge chipping. 

[0004] To improve all tool properties simultaneously is obviously very difficult and numerous properties of both the 
protective coating and the cemented carbide substrate and the combination thereof have to be considered. Conse- 
quently, commercial coated cemented carbide grades have usually been optimized with respect to one or a few wear 
types. This also means that they have been optimized for specific application areas. 

30 [0005] US 6,062,776 discloses a coated cutting insert particularly useful for milling of low and medium alloyed steels 
and stainless steels with raw surfaces such as cast skin, forged skin, hot or cold rolled skin or pre-machined surfaces 
under unstable conditions. The insert is characterized by a WC-Co cemented carbide with a low content of cubic 
carbides and a rather low W-alloyed binder phase and a coating including an innermost layer of TiC x N y O z with columnar 
grains and a top layer of TIN and an inner layer of k-AI 2 0 3 . 

35 [0006] US 6.1 77, 1 78 describes a coated milling insert particularly useful for milling in low and medium alloyed steels 
with or without raw surface zones during wet or dry conditions. The insert is characterized by a WC-Co cemented 
carbide with a low content of cubic carbides and a highly W-alloyed binder phase and a coating including an inner layer 
of TiC x N y O z with columnar grains, an inner layer of k-AI 2 Q 3 and, preferably, a top layer of TiN. 
[0007] US 6,250,855 provides a coated cemented carbide cutting tool for wet and dry milling of stainless steels at 

40 high cutting speeds. The tool has a cemented carbide body comprising a substrate based on WC-Co without any 
additions of cubic carbides. The coating includes a very thin layer of TiN, a second layer of (Ti,AI)N with a periodic 
variation of the Ti/AI ratio and an outermost layer of TiN. 

[0008] WO 01/1 6389 discloses a coated milling insert particularly useful for milling in low and medium alloyed steels 
with or without abrasive surface zones during dry or wet conditions at high cutting speed, and milling hardened steels 
45 at high cutting speed. The insert is characterized by WC-Co cemented carbide with a low content of cubic carbides 
and a highly W-alloyed binder phase and a coating including an innermost layer of TiC x N y O z with columnar grains and 
a top layer of TIN and an inner layer of k-AI 2 0 3 . 

[0009] EP 1 1 03635 provides a cutting tool insert particularly useful for wet and dry milling of low and medium alloyed 
steels and stainless steels as well as for turning of stainless steels. The cutting tool is comprised of a cobalt cemented 
so carbide substrate with a multi-layer refractory coating thereon. The substrate has a cobalt content of 9.0-1 0.9 wt% and 
contains 1 .0-2.0 wt% TaC/NbC. The coating consists of an MTCVD TiC x N y O z layer and a multi-layer coating being 
composed of k-AI 2 0 3 and TiC x N y O z layers. 

[0010] It has now been found that enhanced cutting performance can be obtained by combining many different 
features of the cutting tool. Preferably for milling, the cutting insert has excellent performance at high cutting speeds 
55 jn alloyed steels, tool steels and milling in hardened steels. At these cutting conditions, the cutting tool according to 
the invention displays improved properties with respect to many of the wear types mentioned earlier. 
[0011] Fig 1 shows in 2500X magnification a coated cemented carbide substrate according to the present invention 
in which 
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1 . Cemented carbide body. 

2. An innermost layer of Ti x Al y N. 

3. An outermost layer of TiN. 

5 [0012] The cutting tool insert according to the present invention includes a cemented carbide substrate with a rela- 
tively low amount of cubic carbides, with a medium to highly W-alfoyed binder phase and a fine to medium WC grain 
size. This substrate is provided with a wear resisting coating comprising a 71 x A1 y N layer and an outer TiN layer. 
[0013] According to the present invention, a coated cutting tool insert is provided with a cemented carbide body 
having a composition of 7.9-8.6 wt% Co, preferably 8.0-8.5 wt% Co, most preferably 8.1-8.4 wt% Co; 0.5-2.1 wt%, 

w preferably 0.7-1 .8 wt%, most preferably 0.9-1 .5 wt% total amount of cubic carbides of the metals Ti, Nb and Ta and 
balance WC. Ti, Ta and/or Nb may also be replaced by other carbides of elements from groups IVb : Vb or Vlb of the 
periodic table. The content of Ti is preferably on a level corresponding to a technical impurity. In a preferred embodiment, 
the ratio between the weight concentrations of Ta and Nb is within 1.0-12.0, preferably 1.5-11.4, most preferably 
3.0-10.5. 

is [001 4] The cobalt binder phase is medium to highly alloyed with tungsten. The content of W in the binder phase may 
be expressed as the S-value=o/16.1 , where 6 is the measured magnetic moment of the binder phase in uTm 3 kg- 1 . 
The S-value depends on the content of tungsten In the binder phase and Increases with a decreasing tungsten content. 
Thus, for pure cobalt, or a binder in a cemented carbide that is saturated with carbon, S=1 and for a binder phase that 
contains W in an amount that corresponds to the borderline to formation of rj-phase, S=0.78. 

20 [0015] It has now been found according to the present invention that improved cutting performance is achieved if 
the cemented carbide body has an S-value within the range 0.81-0.95, preferably 0.82-0.94, most preferably 0.85-0.92. 
[0016] Furthermore, the mean intercept length of the tungsten carbide phase measured on a ground and polished 
representative cross section is in the range 0.4-0.9 \im, preferably 0.5-0.8 pm. The intercept length is measured by 
means of image analysis on micrographs with a magnification of 10000x and calculated as the average mean value 

25 of approximately 1000 intercept lengths. 

[0017] The coating according to a preferred embodiment includes: 

at least one layer of Ti x AlyN, 0.8<x+y<1 .2, with 0.25£x/y^1 .45, preferably 0.33£x/y£l .1 , most preferably O.A2<x/ 
y<0.79 with a thickness of 0.5-7 \im, preferably 1 -6 |im, most preferably 2-5 urn, with columnar grains. 
30 - the outermost TixAlyN layer can be followed by a layer of TiN with a thickness of 0. 1 -2 ujti , preferably 0. 1 -1 .5 u.m, 
most preferably 0.2-1 urn but a TixAlyN layer can also be the outermost layer. 

[0018] The present invention also relates to a method of making a coated cutting tool with a composition of 7.9-8.6 
wt% Co, preferably 8:0-8.5 wt% Co, most preferably 8.1-8.4 wt% Co; 0.5-2.1 wt%, preferably 0.7-1 .8 wt%, most pref- 
35 erably 0.9-1 .5 wt% total amount of cubic carbides of the metals Ti, Nb and Ta and balance WC. Ti, Ta and/or Nb may 
also be replaced by other carbides of elements from groups IVb, Vb or Vlb of the periodic table. The content of Ti is 
preferably on a level corresponding to a technical impurity. In a preferred embodiment, the ratio between the weight 
concentrations of Taand Nb is within 1.0-12.0, preferably 1.5-11.4, most preferably 3.0-10.5. 

[0019] The desired mean intercept length depends on the grain size of the starting powders and milling and sintering 
40 conditions and has to be determined by experiments. The desired S-value depends on the starting powders and sin- 
tering conditions and also has to be determined by experiments. 

[0020] The coating layers are deposited using PVD technique preferably arc evaporation, with alloyed or composite 
Ti-AI metal targets. 

[0021] The invention also relates to the use of cutting tool inserts according to above for dry milling at high cutting 
45 speeds in alloyed steels, tool steels and dry milling in hardened steels at cutting speeds of 50-350 m/min with mean 
chip thickness values of 0.03-0.18 mm, depending on cutting speed and insert geometry. 

Example 1 . 

so [0022] Grade A: A cemented carbide substrate in accordance with the invention with the composition 8.2 wt% Co, 
1 .2 wt%TaC, 0.2 wt% NbC and balance WC, with a binder phase alloyed with W corresponding to an S-value of 0.87 
was produced by conventional milling of the powders, pressing of green compacts and subsequent sintering at 1430 
°C. Investigation of the microstructure after sintering showed that the mean intercept length of the tungsten carbide 
phase was 0.7 ^m. The : substrate was coated in accordance with the invention in an arc evaporation system. Before 

55 coating the inserts were degreased in an ultrasonic cleaning line and in situ sputter cleaned with Ti and Ar ions. During 
deposition, the inserts were attached to a threefold rotating fixture which was negatively biased. Ti and alloyed Ti-AI 
metal targets were used and the deposition was made in a N 2 containing gas mixture. The temperature was kept at 
500 °C during the one hour deposition cycle. Two subsequent layers were deposited during the same coating cycle, 
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w 



15 



20 



a 3 4 am thick TLAIJsl layer with x/y=0.55, followed by a 0.2 urn thick TiN layer. The thickness of the individual layers 
was measured on the flank face of the inserts using scanning electron microscopy (SEM) on cross-section specimens. 
The x/y metal ratio was determined using energy dispersive X-ray spectroscopy (EDS) in the SEM. See Fig 1 
r0023] Grade B- A substrate with composition 1 0 wt% Co, 0.5 wt% Cr 3 C 2 and balance WC, a binder phase alloyed 
with W corresponding to an S-value of 0.84, and a mean intercept length of WC in the sintered body of 0.4 urn was 
combined with a coating according to Grade A (according to the invention). 



upci eiiHJi i 


Face milling 


Cutter diameter 


100 mm 


Work piece 


Bar, 600 mm x 80 mm 


Material 


SS2244, 250 HB 


Insert type 


RPHT1204 


Cutting speed 


300 m/min 


Feed 


0.25 mm/tooth 


Depth of cut 


2.5 mm 


Width of cut 


80 mm 


Coolant 


No 



25 



30 



Results 


Tool life (min) 


Grade A (grade according to invention) 


16 


Grade B (coating according to invention) 


10 



100241 The tool life of Grade A was limited by flank wear. The tool life of Grade B was limited by plastic deformation 
followed by destruction of the cutting edge. This test shows that the combination of the substrate and coating according 
to the invention exhibits longer tool life than the coating in combination with a prior art substrate produced without 
addition of cubic carbides and with WC that yields a much finer mean intercept length in the sintered body. 
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Example 2: 

r00251 Grade C: A substrate according to grade A (according to the invention). The substrate was CVD coated with 
four subsequent layers deposited during the same coating cycle. First a 0.3 urn thick T,C x N y O z layer with z<0.1 and 
approximately x/y=0.1, having equiaxed grains. The second layer was 3.1 jtm of columnar TiC x N y O z deposited at 
835-850°C using MTCVD technique, yielding an approximated carbon to nitrogen ratio x/y=1 .5 with z<0.1 . The third 
layer was a 1 5 urn thick layer of Al 2 0 3 deposited at approximately 1000'C and consisting essentially of the K-phase. 
Finally a layer of equiaxed nitrogen rich T.C x N y O z with z<0.1 and y>0.8 was deposited to a thickness of 0.3 urn. 
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Operation 


Copy milling 


Cutter diameter 


35 mm 


Work piece 


Bar, 350 mm x 270 mm 


Material 


SS2314, 40HRC 


Insert type 


RPHT1204 


Cutting speed 


200 m/min 


Feed 


0.2 mm/tooth 


Number of teeth 


3 


Depth of cut 


2mm 


Width of cut 


5-32 mm 
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(continued) 



Operation 


Copy milling 


Coolant 


No 



Results 


Tool life (min) 


Grade A (grade according to invention) 


40 


Grade C (substrate according to invention) 


25 



[0026] The tool life of both grades was limited by edge chipping. The tool life of Grade C was significantly reduced 
by adhesive wear leading to pick out of the coating and premature edge chipping. This test shows that the combination 
of the substrate and coating according to the invention exhibits longer tool life than the substrate in combination with 
a thicker prior art CVD coating. 



Example 3: 

[0027] Grade D: A substrate according to grade A (according to the invention). The substrate was coated using PVD 
technique with two subsequent layers deposited during the same coating cycle: a 3.2 urn thick Ti x Al y N layer with x/ 
y=1 .63 followed by a 0.2 ujti thick TIN layer. 
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Operation 


Face milling 


Cutter diameter 


100 mm 


Work piece 


Bar, 75 mm x 600 mm 


Material 


SS2244,250HB 


Insert type 


SEKN1203 


Cutting speed 


250 m/min 


Feed 


0.25 mm/tooth 


Depth of cut 


2.5 mm 


Width of cut 


75 mm 


Coolant 


No 



Results 


Tool life (min) 


Grade A (grade according to invention) 


21 


Grade D (prior art) 


15 



[0028] The tool life was limited by flank wear. The better tool life of Grade D was the consequence of the more wear 
resistant coating according to the invention. 



Example 4: 

[0029] Grade E: A commercial cemented carbide cutting insert with composition 9.4 wt% Co, 7.2 wt%TaC, 0.1 wt% 
NbC, 3.4 wt% TiC and balance WC. The binder phase was alloyed with W corresponding to an S-value of 0.85, and 
the mean intercept length of the WC was 0.7 u,m. The insert was coated with a 1 .5 urn (measured on the flank face) 
thick Ti x Al y N layer with an elemental ratio x/y=1 .2. 
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Operation 


Copy milling 


Cutter diameter 


35 mm 
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Operation 


Copy milling 


Work piece 


Bar, 350 mm x 270 mm 


Material 


SS2242, 38 HRC 


Insert type 


RPHT1204 


Cutting speed 


200 m/min 


Feed 


0.22 mm/tooth 


Number of teeth 


3 


Depth of cut 


2 mm 


Width of cut 


5-32 mm 


Coolant 


No 



Results 


Tool life (min) 


Grade A (grade according to invention) 


56 


Grade E (prior art) 


41 



[0030] The tool life was limited by flank wear and edge chipping. The shorter tool life of Grade E shows the negative 
effect of high cubic carbide content on cutting edge strength and edge chipping resistance. 



Claims 



1 A cutting tool insert, comprising a cemented carbide body and a coating particularly useful in milling at high cutting 
speeds in alloyed steels, tool steels and milling in hardened steels cha racterized by a composition of the cemented 
carbide body of 7.9-8.6 wt% Co, preferably 8.0-8.5 wt% Co, 0.5-2.1 wt%, preferably 0.7-1 .8 wt%, total amount of 
cubic carbides of the metals Ta and Nb, the ratio between the weight concentrations of Ta and Nb being within 
10-12 0 preferably 1 .5-11 .4, and balance WC with a mean intercept length in the range 0.4-0.9 urn, preferably 
0 5-0 8 urn the binder phase being alloyed with W corresponding to an S-value within the range 0.81 -0.95, pref- 
erably 0.82-0.94 and that said coating comprises a layer of Ti x Al y N ,0.8<x+y£l .2, with 0.25<x/y<1 .45, preferably 
0.33<x/y<1 .1 , with a thickness of 0.5-7 urn, preferably 1 -6 urn, with columnar grains. 

2. A cutting tool insert according to claim 1 characterized in a coating consisting of one layer of Ti^N with 
0.8<x+y<1 .2 and 0.42<x/y<0.79. 

3. A cutting tool according to the preceding claims characterized in further comprising an outer layer of TiN with a 
thickness of 0.1-2 urn, preferably 0.1-1 .5 \im. 

4 A method of making a cutting tool insert, comprising a cemented carbide body and a coating particularly useful in 
millinq at high cutting speeds in low and medium alloyed steels and milling in hardened steels characterized in 
depositing on a cemented carbide with a composition of 7.9-8.6 wt% Co, preferably 8.0-8.5 wt% Co, 0.5-2.1 wt%, 
preferably 0 7-1 8 wt% total amount of cubic carbides of the metals Ta and Nb, the ratio between the weight 
concentrations of Ta and Nb being within 1.0-12.0, preferably 1 .5-11.4, and balance WC with a mean intercept 
length in the range 0.4-0.9 jim, preferably 0.5-0.8 um, the binder phase being alloyed with W corresponding to an 
S-value within the range 0.81 -0.95, preferably 0.82-0.94 a coating comprising a layer of Ti x AlyN with 0.25<x/y<1 .45, 
preferably 0.33<x/y<1 .1 , with a thickness of 0.5-7 um, preferably 1-6 u.m, with columnar grains using PVD-tech- 
nique, preferably arc evaporation. 

5. The method of claim 4 characterized in depositing T^AI/i with 0.8<x+y<1 .2 and 0.42<x/y<0.79 using known PVD- 
technique. 
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The method of claims 4-5 characterized in depositing an outer layer of TIN with thickness of 0.1 -2 urn, preferably 
0.1-1 .5 urn using known PVD-technique. 

Use of a cutting tool insert according to claims 1 -6 for dry milling at high cutting speeds in alloyed steels, tool steels 
and dry milling in hardened steels at cutting speeds of 50-350 m/min at mean chip thickness values of 0.03-0.18 
mm, depending on cutting speed and insert geometry. 
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